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(54) Magnet unit and method of production thereof 

(57) The object of the present invention is to improve 
the production efficiency by making its bonding process 
unnecessary to simplify the production process. The 
method of production comprises the step of integrally 
incorporating a magnetic material when the stationary 
holders 21 and 22 of the stationary member and the 
movable holder 31 of the movable member 30 are mold- 
ed with a non-magnetic material such as a plastic ma- 
terial and the like. Therefore, a magnet unit in which the 
stationary magnets 23 and 24 or the movable magnet 
32 is integrally incorporated into the stationary holders 
21 and 22 or the movable holder 31 can be provided 
only by giving magnetization treatment on the magnetic 
material without using a bonding process. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a magnet unit 
containing a magnetic spring device, and more particu- 
larly to a magnet unit suitable for being used as a com- 
ponent in a vibration damping apparatus, for instance, 
such as a suspension unit of a vehicle seat, a train seat, 
or a boat seat, an engine mount, and the like. 
[0002] A variety of vibration damping materials, vibra- 
tion dampers, and control techniques have been com- 
monly used to reduce vibration and noise caused by a 
machine or an apparatus which itself is typically con- 
structed of a low damping material in order to ensure its 
rigidity. 

[0003] Damage to human body and its nervous sys- 
tem due to their exposures to vibration has become a 
serious problem with the ever increasing vehicle speed. 
Such a damage shows many symptoms such as fatigue, 
headache, stiffness of shoulders, lumbago, and ambly- 
opia. In general, vibration isolation is achieved by a 
damping apparatus with a properly matched spring such 
as metal springs or air springs and damping materials 
such as rubber, viscoelastic materials, or dampers. 
However, the dynamic magnification and the loss factor 
of the damping apparatus tends to be related to each 
other. More particularly, a reduction in dynamic magni- 
fication to improve low-frequency characteristics of the 
damping apparatus tends to reduce the loss factor, re- 
sulting in the damping apparatus being too firm. An in- 
crease in the loss factor of the damping apparatus to 
improve high-frequency characteristics leads to an in- 
crease in its dynamic magnification, resulting in the 
damping apparatus being too soft and a poor damping 
efficiency at low-frequency. Many attempts have been 
made in the prior art to suppress vibration by semi-active 
control or active control or by using a passive damper 
containing a dynamic vibration damper. 
[0004] A vibration damping apparatus containing a 
magnetic spring device, and having a spring constant 
(elastic constant) being substantially pseudo-zero by in- 
corporating a damping member such as a metal spring, 
a rubber material, has been recently disclosed. The 
present inventors have proposed a variety of the mag- 
netic spring devices and vibration damping apparatus 
using the magnetic spring devices. 
[0005] A magnetic spring device creates damping 
characteristics by utilizing a change of the magnetic field 
accompanied by relative displacement of a stationary 
magnet and a movable magnet, caused by an input vi- 
bration. In the magnetic spring devices in the prior art, 
the stationary magnet or the movable magnet is fixed 
with an adhesive to the stationary holder holding the sta- 
tionary magnet or the movable holder holding the mov- 
able magnet. 

[0006] Accordingly, whatever the case may be, in the 
production of the magnetic spring device, it becomes in- 



evitably necessary to provide a bonding process to bond 
the magnets to the holders respectively. The fixing of 
the magnet with an adhesive requires to leave the as- 
sembly of the magnet and the holder at least for about 
5 one day until the adhesive is hardened, thereby causing 
a disadvantage in regard to the production efficiency. 
Besides, the spring characteristics (spring constant) 
and the damping force of the magnetic spring device 
have been determined by the magnetic force, magni- 
fy tude, thickness, and the number of poles of the perma- 
nent magnet used, and no proposal has been made for 
adjusting the spring characteristics with other means ex- 
cept the above means. Especially in the present inven- 
tion, sincethe stationary magnet orthe movable magnet 
15 is not fixed with an adhesive, it is not easy to take out 
these magnets and replace them with other magnets for 
adjusting its spring constant and damping force. 

SUMMARY OF THE INVENTION 

20 

[0007] The present invention has been made to over- 
come the foregoing disadvantage of the prior art, and 
its object is to provide a magnet unit which can be used 
as a magnetic spring device which eliminates the bond- 
25 jng process and simplifies the production process so 
that the production efficiency is improved. 
[0008] In addition to improving the production efficien- 
cy, it is another object of the present invention to provide 
a magnet unit of which the spring constant and the 
30 damping force can be adjusted by adjusting component 
members other than the magnet without replacement of 
the magnet itself. 

[0009] Still another object of the present invention is 
to provide a method of producing a magnet unit which 
35 eliminates the bonding process and simplifies its pro- 
duction process to improve the production efficiency. 
[0010] To attain the aforesaid objects, in accordance 
with one aspect of the present invention, a magnet unit 
is provided. The magnet unit composes a magnetic 
40 spring device which is comprised of a movable member 
disposed in a relatively movable state to a stationary 
member, a stationary magnet supported by a stationary 
holder, and a movable magnet supported by a movable 
holder, wherein the stationary holder and the movable 
45 holder are made of a non-magnetic material, and at least 
either of the stationary magnets orthe movable magnets 
is made of a magnetic material integrally incorporated 
when the stationary holder or the movable holder made 
of a non-magnetic material is molded. 
50 [0011] In a preferred embodiment of the present in- 
vention, a non-magnetic material making the stationary 
holder or the movable holder comprises a plastic mate- 
rial. 

[0012] In a preferred embodiment of the present in- 
55 vention, a thickness adjuster made of a magnetic mate- 
rial is laminated on the stationary magnet to make its 
thickness substantially equal to the thickness of the sta- 
tionary holder. 
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[0013] In a preferred embodiment of the present in- 
vention, an outer frame made of a magnetic material, 
laminated on the stationary magnet, and at least a por- 
tion of which functions as a yoke is provided. 
[0014] In a preferred embodiment of the present in- 
vention, the outer frame varies the leakage flux amount 
by changing at least one of the factors among thickness, 
magnitude, or the number of the outer frames to be dis- 
posed so that the magnetic force of the stationary mag- 
net to the movable magnet can be adjusted. 
[0015] In a preferred embodiment of the present in- 
vention, an outer frame made of a magnetic material, 
laminated on the thick adjuster and at least a portion of 
the outer frame functions as a yoke is provided. 
[0016] In another preferred embodiment of the 
present invention, the outer frame varies the leakage 
flux amount by changing at least one of the factors 
among thickness, magnitude, or the number of the outer 
frames to be disposed so that the magnetic force of the 
stationary magnet to the movable magnet can be ad- 
justed. 

[0017] In a preferred embodiment of the present in- 
vention, a slide member which comes in slide contact 
with the other party of the movable member or the sta- 
tionary member when the movable member moves rel- 
atively is provided at least on either of the movable 
member or the stationary member. 
[0018] In a preferred embodiment of the present in- 
vention, the slide member is made of a magnetic mate- 
rial. 

[0019] In a preferred embodiment of the present in- 
vention, the slide member is made of a non-magnetic 
material. 

[0020] In a preferred embodiment of the present in- 
vention, a magnet unit composing a magnetic spring de- 
vice having two degrees of freedom comprises a pair of 
the stationary members opposedly disposed at a dis- 
tance from each other, and the movable member dis- 
posed between this pair of the stationary members, 
wherein the movable member moves relatively in two 
directions along the opposing face direction of the pair 
of the stationary members and along the direction inter- 
secting substantially at right angles thereto. 
[0021] In a preferred embodiment of the present in- 
vention, a magnet unit composing a magnetic spring de- 
vice having two degrees of freedom comprises three or 
more of the stationary members opposedly disposed at 
a distance from each other, and the movable member 
disposed between the adjacent stationary members, 
wherein the movable member moves relatively in two 
directions along the opposing face direction of the pair 
of the stationary members and along the direction inter- 
secting substantially at right angles thereto. 
[0022] In a preferred embodiment of the present in- 
vention, a magnet unit composes a magnetic spring de- 
vice which is comprised of a movable member disposed 
in a relatively movable state to a stationary member, a 
stationary magnet supported by a stationary holder, and 



a movable magnet supported by a movable holder, 
wherein the stationary holder and the movable holder 
are made of a non-magnetic material, at least either of 
the stationary magnet or the movable magnet is made 
5 of a magnetic material integrally incorporated when the 
stationary holder or the movable holder made of a non- 
magnetic material is molded, and by changing at least 
one of the factors among thickness, magnitude, or the 
number of the outer frames to be disposed, made of a 
10 magnetic material, laminated on the stationary magnet, 
and at least one portion thereof functioning as a yoke, 
the leakage flux amount is varied so that the magnetic 
force of the stationary magnet to the movable magnet 
can be adjusted, thereby the spring characteristics of 
15 the magnetic spring device can be adjusted at will. 
[0023] In a preferred embodiment of the present in- 
vention, a magnet unit composes a magnetic spring de- 
vice which is comprised of a movable member disposed 
in a relatively movable state to a stationary member, a 
20 stationary magnet supported by a stationary holder, and 
a movable magnet supported by a movable holder, 
wherein the stationary holder and the movable holder 
are made of a non-magnetic material, at least either of 
the stationary magnet or the movable magnet is made 
25 of a magnetic material integrally incorporated when the 
stationary holder or the movable holder made of a non- 
magnetic material is molded, a slide member which 
comes in slide contact with the other party of the mov- 
able member or the stationary member when it moves 
30 relatively is provided at least on either of the movable 
member or the stationary member, and by selecting and 
disposing the slide member from that made of a mag- 
netic material or that made of a non-magnetic material, 
a damping force can be adjusted. 
35 [0024] In a preferred embodiment of the present in- 
vention, a magnet unit composes a magnetic spring de- 
vice which is comprised of a movable member disposed 
in a relatively movable state to a stationary member, a 
stationary magnet supported by a stationary holder, and 
40 a movable magnet supported by a movable holder, 
wherein the stationary holder and the movable holder 
are made of a non-magnetic material, at least either of 
the stationary magnet or the movable magnet is made 
of a magnetic material integrally incorporated when the 
45 stationary holder or the movable holder made of a non- 
magnetic material is molded, and a plurality of the sta- 
tionary members are opposedly disposed at a distance 
from each other, the movable member is disposed be- 
tween the adjacent stationary members and is relatively 
50 movable in the direction along the opposing face direc- 
tion of the adjacent stationary members, and the spring 
characteristic of the magnet unit can be adjusted at will 
by adjusting the number of the stationary members and 
the movable members to be disposed. 
55 [0025] In accordance with another aspect of the 
present invention, a method of producing a magnet unit 
is provided. The magnet unit is composed of a magnetic 
spring device which comprises a movable member dis- 
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posed in a relatively movable state to a stationary mem- 
ber, a stationary magnet supported by a stationary hold- 
er, and a movable magnet supported by a movable hold- 
er, wherein a method of producing the magnet unit com- 
prises the steps of; molding the stationary holder or the 
movable holder using a non-magnetic material while in- 
corporating a magnetic material by means of insert 
molding; and magnetizing thereafter the magnetic ma- 
terial integrally incorporated therein to form the station- 
ary magnet or the movable magnet. 
[0026] In accordance with another aspect of the 
present invention, a method of producing a magnet unit 
is provided, wherein the non-magnetic material forming 
the stationary holder and the movable holder comprises 
a plastic material. 

[0027] In accordance with another aspect of the 
present invention, a method of producing a magnet unit 
is provided. The magnet unit is composed of a magnetic 
spring device which comprises a movable member dis- 
posed in a relatively movable state to a stationary mem- 
ber, a stationary magnet supported by a stationary hold- 
er, and a movable magnet supported by a movable hold- 
er, wherein a method of producing the magnet unit com- 
prises the steps of; pressing in a magnetic material into 
a mold during the molding process of the stationary 
holder or the movable holder using a non-magnetic ma- 
terial before finishing its hardening process to allow the 
magnetic material to be securely held taking advantage 
of heat shrinkage at the time of the hardening; and mag- 
netizing thereafter the magnetic material integrally in- 
corporated into the mold to form the stationary magnet 
or the movable magnet. 

[0028] In accordance with the above aspect of the 
present invention, the non-magnetic material to form the 
stationary holder or the movable holder comprises a 
plastic material. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] 

FIG. 1 is an exploded perspective view showing a 
magnet unit according to an embodiment of the 
present invention; 

FIG. 2 is a diagram showing load-displacement 
characteristics of the magnet unit according to the 
above-described embodiment; 
FIG. 3 is an exploded perspective view showing a 
magnet unit according to another embodiment of 
the present invention: 

FIG. 4 is an outside perspective view showing a 
magnet unit according to another embodiment of 
the present invention; and 

FIG. 5 is an exploded perspective view showing a 
magnet unit according to still another embodiment 
of the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0030] Preferred embodiments of the present inven- 
5 tion will be explained below in more detail with reference 
to the drawings. FIG. 1 is an exploded perspective view 
showing a magnet unit 10 according to an embodiment 
of the present invention, and as shown in FIG. 1, the 
magnet unit 1 0 includes a stationary member 20 and a 
10 movable member 30. 

[0031] In the present embodiment, the stationary 
member 20 is used in a pair with two pieces, which are 
opposedly disposed away from each other at a prede- 
termined distance. Each stationary member 20 includes 
15 two stationary holders 21 and 22, and stationary mag- 
nets 23 and 24 are integrally held to each of the station- 
ary holders 21 and 22. 

[0032] The two stationary holders 21 and 22 are 
formed nearly in a shape of the letter U, disposed verti- 
go cally in FIG. 1 , the open end sides having concaves 21a 
and 22a being faced each other, and connected with pin 
members 40. The stationary magnets 23 and 24 are dis- 
posed in the concaves 21 a and 22a respectively so that 
different magnetic poles are arranged in the thickness 
25 direction of the stationary holders 21 and22. Atthistime, 
the stationary magnet 23 disposed in the upper side and 
the stationary magnet 24 disposed in the lower side are 
placed close together with almost no clearance formed, 
and the arrangement positions of the two stationary 
30 magnets adjacent to each other in the vertical direction 
are securely fixed by the leakage flux created between 
the upper stationary magnet and the lower stationary 
magnet and peculiar to a two-pole magnet. 
[0033] The present invention is characterized in that 
35 the stationary magnets 23 and 24 are held in the con- 
caves 21a and 22a without using an adhesive as a 
means for disposing the magnets in the concaves. The 
stationary holders 21 and 22 are made of a plastic ma- 
terial which is a non-magnetic material. Therefore, it is 
40 preferable to adopt the following means for holding the 
stationary magnets 23 and 24 in the concaves 21a and 
22a without using an adhesive. 
[0034] It can be cited as the above-described means 
that, first, a magnetic material having desired magnitude 
45 and shape is inserted into a mold to mold the stationary 
holders 21 and 22, and molded integrally in a state that 
the magnetic material is set in the concaves 21a and 
22a of the stationary holders 21 and 22 by means of 
insert molding, and then the magnetic material is mag- 
so netized, for instance, in the thickness direction of the 
stationary holders 21 and 22 to form the stationary mag- 
nets 23 and 24. 

[0035] Alternatively, it is also acceptable that in a 
process to mold the stationary holders 21 and 22 with a 
55 mold having a shape possible to form the concaves 21a 
and 22a, a magnetic material having a desired magni- 
tude and shape is pressed in a portion where the con- 
caves 21 a and 22a are being formed at predetermined 
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timing before it is cooled and hardened, and then the 
plastic material is hardened. The magnetic material thus 
pressed in is securely held in the concaves 21 a and 22a 
due to heat shrinkage accompanied by progress of the 
hardening of the plastic material. Thereafter, the station- 
ary magnets 23 and 24 are formed by magnetizing the 
magnetic material, for instance, in the thickness direc- 
tion of the stationary holders, as described above. Inci- 
dentally, though a plastic material is used as a non-mag- 
netic material in the above-described example, a non- 
magnetic metal such as aluminum can be used. In such 
a case, the magnet material can be integrally incorpo- 
rated during the casting process so that it can be formed 
without using an adhesive. In addition, the force to fix 
the magnet to the holding portion can be further in- 
creased by utilizing plastic deformation by caulking and 
the like after the temporary fixing by heat shrinkage of 
the material so that the magnet material can be securely 
integrated without using an adhesive. 
[0036] In the embodiment shown in FIG. 1 , thickness 
adjusting boards 23a, 24a made of a magnetic material 
such as iron are laminated to the stationary magnets 23 
and 24, and are also held integrally on the stationary 
holders 21 and 22 without using an adhesive, as in the 
case of the stationary magnets 23 and 24. That is, in 
each molding means for the above-described stationary 
holders 21 and 22, when the magnetic material to form 
the stationary magnets 23 and 24 is loaded, the thick- 
ness adjusting boards 23a and 24a are also loaded 
while being laminated on the magnetic material so that 
they are integrally molded. The thickness adjusting 
boards 23a and 24a are provided to make the thickness 
of the stationary magnets 23 and 24 including the thick- 
ness of the thickness adjusting boards 23a and 24a lam- 
inated on the stationary magnets 23 and 24, substan- 
tially equal to the thickness of the stationary holders 21 
and 22, and to make the surface levels substantially 
equal to the surface levels of the front faces and back 
faces of the stationary holders 21 and 22 without re- 
placement of the mold to mold the stationary holders 21 
and 22, even when the thin stationary magnets 23 and 
24 are used. Besides, since the thickness adjusting 
boards 23a and 24a are made of a magnetic material, 
they function as a yoke to form a magnetic circuit. It is 
needless to say that when the thickness of the stationary 
magnets 23 and 24 themselves is nearly equal to that 
of the stationary holders 21 and 22, there is no need to 
dispose the thickness adjusting boards 23a and 24a. 
[0037] As described above, the stationary magnets 
23 and 24 are magnetized respectively in the thickness 
direction and atthesametime disposed while being held 
by the stationary holders 21 and 22 in a manner that two 
different poles are vertically adjacent to each other in 
FIG. 1 . In addition, a pair of the stationary members 20 
and 20 are opposedly disposed in a manner that the up- 
per stationary magnets 23 and 23, and the lower sta- 
tionary magnets 24 and 24 are disposed face to face 
having the same magnetic poles each other. The direc- 



tion of the magnetization and the number of poles of the 
stationary magnets 23 and 24 are not limited to this, and 
it is also determined at will by such as the direction of 
magnetization and the number of poles of a movable 

5 magnet 32 which will be described later. In any case, it 
is satisfactory in the present embodiment if the movable 
magnet 32 is movable in two directions along the op- 
posing face direction of the stationary magnets 23 and 
24 and along the direction intersecting substantially at 

10 right angles thereto, in other words, in the directions to 
form a magnetic field affecting along the vertical direc- 
tion and horizontal direction in FIG. 1 . As a result, an 
effect of an attractive force or repulsive force varies ac- 
cording to the relative positions in the vertical or hori- 

15 zontal direction between the stationary magnets 23, 24 
and the movable magnet 32 so that a kinetic spring con- 
stant of the magnetic spring device composed of these 
magnets is varied. 

[0038] An outer frame 25 made of a plate-shaped 

20 magnetic material such as an iron plate is disposed on 
the outer faces of the thickness adjusting boards 23a 
and 24a (the stationary magnets 23 and 24 in the case 
when the thickness adjusting boards 23a and 24a are 
not disposed) and the stationary holders 21 and 22. The 

25 outer frame 25 is fixed to the stationary holders 21 and 
22 with a screw and the like, and a portion laminated on 
the thickness adjusting boards 23a and 24a (the station- 
ary magnets 23 and 24 in the case when the thickness 
adjusting boards 23a and 24a are not disposed) func- 

30 tions as a yoke portion 25a so that the leakage flux 
amount leaked toward outside from the stationary mag- 
nets 23 and 24 is reduced. In the embodiment shown in 
FIG. 1 , the yoke portion 25a is formed thicker than other 
portions of the outer frame 25. The leakage flux amount 

35 can be reduced more by increasing the thickness of the 
yoke portion 25a. Accordingly, the leakage flux amount 
can be varied at will by mounting the outerf rame 25 hav- 
ing different thickness of the yoke portion 25a, and the 
magnetic force of the stationary magnets 23 and 24 af- 

40 fecting to the movable magnet 32 can be adjusted, so 
that a magnet unit having different spring characteristics 
(spring constant) can be formed with ease. Incidentally, 
the yoke portion 25a can be prepared with a plate mem- 
ber other than a main body portion of the outer frame 

45 25 in advance and can be disposed by applying mag- 
netic force or a means for adhering on the main body 
portion. (See FIG. 5) 

[0039] The pair of the stationary members 20 and 20 
are securely disposed at a predetermined distance in a 

50 state that the same magnetic poles are opposedly facing 
each other between a lower plate 50 and an upper plate 
51 by inserting-through pin members 40 in four comers 
of the upper and lower plates 50 and 51 . The movable 
member 30 is disposed between the stationary mem- 

55 bers 20 and 20. The distance between the stationary 
members 20 and 20 in this case is determined in a man- 
nerthat a slide member 35 rotatably supported by a slide 
member holding concave 31b formed in the movable 
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member 30 can come in slide contact with the stationary 
member 20, and it is preferable that a distance between 
the magnets of the stationary magnets 23, 24 and the 
movable magnet 32 is as small as possible. Thereby, 
magnetic force of the stationary magnets 23, 24 and the 
movable magnet 32 is effectively utilized, and the con- 
version efficiency of static magnetism energy between 
them can be heightened. 

[0040] The movable member 30 includes a movable 
holder 31 and the movable magnet 32, and is connected 
directly and indirectly to a load mass element and the 
like which relatively displaces its position due to vibra- 
tion, impact and so on. The movable holder 31 is made 
of a non-magnetic material such as a plastic material or 
a non-magnetic metal such as aluminum. The shape of 
the movable holder 31 is optional, and in the present 
embodiment, the movable holder 31 composes a long 
size member which is long in length in the horizontal di- 
rection in FIG. 1 as a whole, including a magnet holding 
hole 31 a with a substantially square-shaped opening to 
hold the movable magnet 32 in a nearly central portion, 
and bolt members 33 and 34 to support the load mass 
element and the like directly or indirectly are mounted 
integrally at the both ends of the long size member. In 
addition, the length of the movable holder 31 is in the 
range that the bolt members 33 and 34 can extrude hor- 
izontally from the stationary members 20 and 20. Need- 
less to say that the structure of the movable member 30 
in FIG. 1 is only an example, and the bolt members 33 
and 34 can be disposed only either side of the movable 
holders 31 . In such a case, it is possible to form a struc- 
ture in which only end portion having the bolt member 
is extruded from either front or rear portion between the 
stationary members 20 and 20. It is also possible to ex- 
trude other bolt members from at least either opening 
formed in the lower plate 50 or the upper plate 51 to 
support the load mass element and the like independ- 
ently from the above bolt members 33 and 34 or together 
with the bolt members 33 and 34. 
[0041] The movable magnet 32 is magnetized verti- 
cally in FIG. 1 so that the north pole is positioned in the 
upperface side and thesouth pole in the lowerfaceside. 
This structure is shown as one of the preferred embod- 
iments to obtain a desirable spring constantforthe mag- 
netic pole arrangement of the stationary magnets 23 
and 24 in the present embodiment in which a two-pole 
magnet is formed with the upper pole and the lower pole 
putting together, and the direction of magnetization and 
the number of magnetic poles are not limited to the 
above description. 

[0042] The thickness of the movable magnet 32 and 
the movable holder 31 loaded in the magnet holding 
hole 31 a are optional and can be determined at will in 
relation to the strength and the like of each magnetic 
field of the movable magnet 32 and the stationary mag- 
nets 23, 24. In any event, as described above, the thick- 
ness is determined in a range that a slight gap exists 
between each of the stationary magnets 23, 24 and the 



movable magnet 32 between the pair of the stationary 
members 20 and 20 which are opposedly disposed. 
[0043] In order to make it possible to move the mov- 
able member 30 vertically and horizontally along the op- 

5 posing face direction between the pair of the stationary 
members 20 and 20 while maintaining the slight gap, 
slide member holding concaves 31 b are formed around 
the periphery of the magnet holding hole 31 a in the mov- 
able holder 31 , and the slide members 35 are supported 

10 by the slide member holding concaves 31b. The slide 
members 35 are formed in a sphere shape in the present 
embodiment and rotatably supported in the slide mem- 
ber holding concaves 31b so that each surface of the 
slide members can come in slide contact with the re- 

15 spective opposing faces of the stationary holders 21 and 
22 while rotating. By applying the slide members 35, the 
frictional resistance can be reduced compared with the 
case that, for instance, by forming the thickness of the 
movable holder 31 itself thickerthan that of the movable 

20 magnet 32 so that the movable holder 31 comes in sli- 
dable face-contact directly with the stationary holders 
21 and 22. Incidentally, the slide member 35 is accept- 
able so far as it makes the slide friction smaller com- 
pared with the case that the movable holder 31 comes 

25 in contact directly with the stationary holders 21 and 22, 
and is not limited to a spherical shape and it may be of 
a plate shape. 

[0044] When the slide member 35 is formed with a 
non-magnetic material, it only shows a function to make 

30 the frictional resistance smaller than the case when the 
movable holder 31 is allowed to come in contact with 
directly with the stationary holders 21 and 22. However, 
when the slide member is made of a magnetic material, 
the resistance is increased due to the effect of magnetic 

35 field caused by the movable magnet 32 or the stationary 
magnets 23, 24 so that the damping ratio can be in- 
creased. Especially when the slide member 35 com- 
prised of a magnetic material is used, the magnetic flux 
created by the magnetic field of the movable magnet 32 

40 or the stationary magnets 23, 24 can be controlled (in- 
tegration of overcurrent or magnetic flux) according to 
the selection of the shape, for instance, whether it is of 
a spherical shape or of a plate shape, in other words, it 
can vary the magnetic field between the gaps by means 

45 of lens effect that it converges the magnetic flux when 
it is of a spherical shape and it diverges the magnetic 
flux when it is of a plate shape, thereby the friction of 
the slide member 35 can be easily changed. As a result, 
according to the weight of the load mass element and 

50 the like to be controlled, the magnitude of the vibration 
and impact to be damped, the slide member can be se- 
lectively used from that made of a non-magnetic mate- 
rial or from that made of a magnetic material, and when 
the slide member is selected from that made of a mag- 

55 netic material , it can be constructed to have various fric- 
tional characteristics (damping force) further according 
to its shape, size and so on. 

[0045] Here, the movable holder 31 made of a plastic 
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material or the like that is a non-magnetic material and 
the movable magnet 32 are integrally formed without us- 
ing an adhesive. As a means to produce them, similar 
to the case when the stationary holders 21 and 22, and 
the stationary magnets 23 and 24 are integrally formed, 
a magnet material can be integrally formed by insert 
molding, or a magnet material can be integrated by uti- 
lizing the heat shrinkage occurred during cooling and 
hardening at thetime of molding the movable holder 31 . 
After integrating the magnet material, similar to that de- 
scribed above, a magnetization treatment is given to 
form the movable magnet 32. Besides, in the present 
embodiment, the bolt members 33 and 34 are integrally 
molded when the movable magnet 32 is integrally mold- 
ed so that the base portions (notshown) oftheboltmem- 
bers 33 and 34 disposed at both ends of the movable 
holder 31 are buried into both ends of the movable hold- 
er 31 . Thus, the production process can be simplified, 
so that its production efficiency can be improved. Inci- 
dentally, in this embodiment, though both of the station- 
ary magnets 23, 24 and the movable magnet 32 are 
fixed to the stationary holders 21 , 22 and the movable 
holder 31 respectively without passing through a bond- 
ing process, by producing it through a means to inte- 
grate at least either of the movable magnet with the mov- 
able holder or the stationary magnets with the stationary 
holders at the time of the molding described above, the 
production efficiency can be improved more compared 
with the prior art of fixing both magnets with an adhesive. 
[0046] According to the present embodiment, the 
movable member 30 is movably disposed between the 
stationary members 20 and 20 along the opposed face 
direction not only vertically but also horizontally. In other 
words, though it has a two-degree-of-freedom system 
which is movable in two directions orthogonal to each 
other among the directions along the opposed face of 
the stationary magnets 23 and 24, effect of an attractive 
force or a repulsive force of the stationary magnets 23 
and 24 to the movable magnet 32 can be varied with a 
quite simple structure even when it relatively displaces 
in any direction, and the kinetic spring constant of the 
magnetic spring formed with both magnets can be var- 
ied. 

[0047] FIG. 2 is a figure showing load-displacement 
characteristics when the movable member 30 is verti- 
cally displaced between the stationary members 20 and 
20 along the opposed face direction. Incidentally, a non- 
magnetic material is used as the slide member 35, and 
it is set up to be able to slidably contact while the dis- 
tance between each of the opposing faces of the respec- 
tive stationary magnets 23, 24 and the movable magnet 
32 is kept to 1 mm by means of the slide member 35. In 
FIG. 2, a positive value in load shows that the movable 
magnet 32 received an upward force by the stationary 
magnets 23 and 24, and a negative value shows that 
the movable magnet 32 receives a downward force by 
the stationary magnets 23 and 24. The position having 
a displacement amount of 0 mm is a position where the 



movable magnet 32 confronts around a border between 
the stationary magnet 23 disposed upside and the sta- 
tionary magnet 24 disposed downside, and the position 
upper than the above-described position is shown in a 

5 negative value and the position lower than the above- 
described position is shown in a positive value. 
[0048] As is clear from FIG. 2, it is understood that an 
spring constant being non-linear as a whole can be ob- 
tained, which varies the magnitude of the spring con- 

10 stant expressed by a slope of the curve and its sign in 
positive and in negative by displacing the movable 
member 30 vertically between the stationary members 
20 and 20. Accordingly, for instance, by utilizing a range 
in a partially linear negative spring constant appeared 

15 in the range of a displacement amount of -1 0 mm to that 
of +10 mm, a metal spring (not shown) with a positive 
linear spring constant value having the same inclination 
as above is connected to the movable member 30 and 
disposed, so that a vibration damping apparatus having 

20 a substantially zero spring constant superimposed by 
both in this range of the displacement amount is provid- 
ed. 

[0049] FIG. 3 and FIG. 4 shows a magnet unit 10 ac- 
cording to another embodiment of the present invention. 
25 Incidentally, the same members as in the above embod- 
iment are shown with the same numbers and symbols. 
The present embodiment is characterized in that sta- 
tionary magnets 23' and 24' having a magnetic force 
weaker than that in the above embodiment are adopted 
30 to reduce the weight, and the stationary magnets 23' 
and 24' thinner and smaller than those in the above em- 
bodiment are adopted, though the same method of pro- 
duction can be adopted as the above embodiment. Ac- 
cordingly, the concaves 21a and 22a formed in the sta- 
35 tionary holders 21 and 22 aresetto bethinner and small- 
er than those in the above embodiment, corresponding 
to the stationary magnets 23' and 24'. 
[0050] An outer frame 25' has a uniform thickness, but 
since the concaves 21 a and 22a formed in the stationary 
40 holders 21 and 22 arethin and a portion around the cent- 
er in the width direction of the stationary holders 21 and 
22 is of a recessed shape, in order to conform to this 
shape, a portion near the central portion in the width di- 
rection of the outer frame 25 is protrusively bent in the 
45 direction to come in contact with the stationary magnets 
23' and 24'. Different from the outer frame 25 in the 
above embodiment, the outerframe 25' has no yoke 25a 
which is thicker than other portions, but it can satisfac- 
torily perform the function to reduce the leakage flux 
50 amount leaking towards outside even the thickness of 
the outer frame 25' is uniform, because the magnetic 
force of the stationary magnets 23' and 24' is lowered, 
thereby making it lightweight. 

[0051] Further in the present embodiment, thin plate 
55 members 60 made of stainless steel are fixed on the 
surfaces of the other party which are inner surfaces of 
the stationary holders 21 , 22 and the slide member 35 
of the movable member 30 slidably moves thereon by 



25 



30 



35 



40 



45 



50 



7 



13 



EP 1 201 958 A2 



14 



adhering or setting. As a result, a boundary (a difference 
in level) between the stationary holders 21 and 22 which 
are vertically adjacent to each other can be cancelled, 
and the frictional resistance can be lowered compared 
to the case when the slide member 35 directly comes in 
contact with the stationary holders 21 and 22 made of 
plastic. It is needless to say that the structure to fix the 
thin plate member 60 made of stainless steel in order to 
reduce the frictional resistance as above can be adopt- 
ed in the above-described embodiment. 
[0052] Alternatively, as in another embodiment shown 
in FIG. 5, it is possible to have a structure in which a 
stationary member (central stationary member) 20' hav- 
ing substantially similar structure is further provided be- 
tween the stationary members 20 and 20 disposed in 
both sides in a manner that each of the faces of the cen- 
tral stationary member 20' faces to respective stationary 
members 20 and 20, and the movable members 30 are 
provided between the stationary member 20 disposed 
in one side and the central stationary member 20', and 
between the stationary member 20 disposed in the other 
side and the central stationary member 20' respectively. 
It should be noted that the central stationary member 
20' is provided with thin plate members 60 made of stain- 
less steel on its both sides by adhering or setting to re- 
duce friction caused between respective slide members 
35 of the movable member 30 and the central stationary 
member 20'. By making the structure as above, the 
spring constant of the magnetic spring device com- 
posed of respective movable and stationary magnets 
can be characteristically different from the case when 
only one movable member 30 is disposed as in each 
embodiment described above. Needless to say, it is also 
possible to have a structure in which the number of the 
stationary members and the movable members dis- 
posed therein is increased more. 
[0053] Though in each embodiment described above, 
the magnet unit 1 0 composing a magnetic spring device 
having two degrees of freedom is explained as an ex- 
ample, it should be noted that the present invention is 
not limited to this, and as for a magnetic spring device 
having one degree of freedom or three or more degrees 
of freedom, it is also applicable when a stationary mag- 
net and/or a movable magnet is integrally incorporated 
into respective holders. In addition, though the above- 
described explanation is made for the case when the 
leakage flux amount is varied by adjusting the thickness 
of the outer frames 25 and 25', it is also possible to ad- 
just the leakage flux amount by varying the number of 
disposed pieces (the number of pieces laminated) orthe 
magnitude (area) of the outer frames 25 and 25' besides 
varying the thickness of the outer frames 25 and 25' 
themselves. 

[0054] In the magnet unit composing the magnetic 
spring device of the present invention, the stationary 
holder and the movable holder are formed with a non- 
magnetic material such as a plastic material and the like, 
and at least either one of the stationary magnet or the 



movable magnet is formed with a magnetic material 
which is integrally incorporated at the time of molding 
the stationary holder or the movable holder made of a 
non-magnetic material such as a plastic material and the 
5 like. The method of production according to the present 
invention is characterized in that it has a process of in- 
tegrally incorporating the magnetic material at the time 
of molding the stationary holder or the movable holder 
made of a non-magnetic material such as a plastic ma- 
10 terial and the like. Accordingly, it is not necessary to firm- 
ly fix the stationary magnet and the movable magnet on 
each other with an adhesive as in the prior art, so that 
the production process is simplified, thereby the produc- 
tion efficiency can be improved. 
15 [0055] Additionally, by opposedly disposing a pair of 
the stationary members apart from each other, and by 
disposing the movable member relatively movably be- 
tween this pair of the stationary members in two direc- 
tions along the opposing face direction of the pair of the 
20 stationary members and along the direction intersecting 
substantially at right angles thereto, a magnetic spring 
device having two degrees of freedom with a simple 
structure can be provided. In addition to this, by varying 
at least one factor of the outer frame laminated on the 
25 stationary magnet among the thickness, magnitude, 
and the number of pieces to be disposed, the leakage 
flux amount can be changed, so that the magnetic force 
of the stationary magnet to the movable magnet can be 
easily adjusted, thereby providing a magnet unit which 
30 can adjust the spring characteristics at will. Further- 
more, by selecting and disposing a slide member to be 
disposed at least on either of the movable member or 
the stationary member from that made of a magnetic 
material or from that made of a non-magnetic material, 
35 a magnet unit which can easily adjust the damping force 
can be provided. Still further, by adjusting the number 
of the stationary members and the movable members 
to be disposed, a magnet unit which can adjust the 
spring characteristics at will can be provided. 
40 [0056] While preferred embodiments of the invention 
have been described with a certain degree of particular- 
ity with reference to the drawings, obvious modifications 
and variations are possible in light of the above teach- 
ings. The scope of the invention is to be determined from 
45 the claims appended thereto. 



Claims 

50 1. A magnet unit composing a magnetic spring device 
comprising: 

a movable member disposed in a relatively 
movable state to a stationary member; 
55 a stationary magnet supported by a stationary 

holder; and 

a movable magnet supported by a movable 
holder, 
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wherein said stationary holder and said mov- 
able holder are made of a non-magnetic material, 
and at least either of said stationary magnet or said 
movable magnet is made of a magnetic material in- 
tegrally incorporated when said stationary holder or 
said movable holder made of a non-magnetic ma- 
terial is molded. 

2. A magnet unit according to claim 1 , wherein a non- 
magnetic material making said stationary holder or 
said movable holder comprises a plastic material. 

3. A magnet unit according to claim 1 , wherein a thick- 
ness adjuster made of a magnetic material is lami- 
nated on said stationary magnet to make its thick- 
ness substantially equal to the thickness of said sta- 
tionary holder. 

4. A magnet unit according to claim 1 , wherein an out- 
er frame made of a magnetic material, laminated on 
said stationary magnet, and at least a portion of the 
outer frame functions as a yoke is provided. 

5. A magnet unit according to claim 3, wherein an out- 
er frame made of a magnetic material, laminated on 
said thick adjuster, and at least a portion of the outer 
frame functions as a yoke is provided. 

6. A magnet unit according to claim 4 or 5, wherein 
said outer frame varies the leakage flux amount by 
changing at least one of factors among thickness, 
magnitude, or the number of said outer frames to 
be disposed so that the magnetic force of said sta- 
tionary magnet to f said movable magnet can be ad- 
justed. 

7. A magnet unit according to claim 1 . wherein a slide 
member slidably contacting the other party of said 
movable member or said stationary member when 
said movable member moves relatively is provided 
at least on either of said movable member or said 
stationary member. 

8. A magnet unit according to claim 7, wherein said 
slide member is made of a magnetic material. 

9. A magnet unit according to claim 7, wherein said 
slide member is made of a non-magnetic material. 

10. A magnet unit according to claim 1, wherein a mag- 
net unit composing a magnetic spring device having 
two degrees of freedom comprises a pair of said 
stationary member opposedly disposed at a dis- 
tance from each other, and said movable member 
disposed between this pair of said stationary mem- 
bers, wherein said movable member moves rela- 
tively in two directions along the opposing face di- 
rection of the pair of said stationary members and 



along the direction intersecting substantially at right 
angles thereto. 

1 1 . A magnet unit according to claim 1 , wherein a mag- 
5 net unit composing a magnetic spring device having 

two degrees of freedom comprises three or more of 
said stationary members opposedly disposed at a 
distance from each other, and said movable mem- 
ber disposed between said adjacent stationary 
10 members, wherein said movable member moves 
relatively in two directions along the opposing face 
direction of said adjacent stationary members and 
along the direction intersecting substantially at right 
angles thereto. 

15 

12. A magnet unit according to claim 1, wherein by 
changing at least one of the factors among thick- 
ness, magnitude, or the number of the outer frames 
to be disposed, made of a magnetic material, lam- 

20 inated on said stationary magnet, and at least one 
portion thereof functioning as a yoke, the leakage 
flux amount is varied so that the magnetic force of 
said stationary magnet to said movable magnet can 
be adjusted, thereby the spring characteristics of 
25 said magnetic spring device can be adjusted at will. 

13. A magnet unit according to claim 1 , wherein a slide 
member which comes in slide contact with the other 
party of said movable member or said stationary 

30 member when it moves relatively is provided at 
least on either of said movable member or said sta- 
tionary member, and by selecting and disposing 
said slide member from that made of a magnetic 
material or that made of a non-magnetic material, 

35 the damping force can be adjusted. 

14. A magnet unit according to claim 1 , wherein a plu- 
rality of said stationary members are opposedly dis- 
posed at a distance from each other, said movable 

40 member is disposed between the adjacent station- 
ary members and is relatively movable in the direc- 
tion along the opposing face direction of the adja- 
cent stationary members, and the spring character- 
istic of said magnet unit can be adjusted at will by 
45 adjusting the number of said stationary members 
and said movable members to be disposed. 

15. A method of producing a magnet unit composed of 
a magnetic spring device provided with a movable 

50 member disposed in a relatively movable state to a 
stationary member, a stationary magnet supported 
by a stationary holder, and a movable magnet sup- 
ported by a movable holder, comprising the steps 
of: 

55 

molding said stationary holder or said movable 
holder using a non-magnetic material while in- 
corporating a magnetic material by means of in- 
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sert molding; and 

magnetizing thereafter the magnetic material 
integrally incorporated therein to form the sta- 
tionary magnet or the movable magnet. 

5 

6. A method of producing a magnet unit composed of 
a magnetic spring device provided with a movable 
member disposed in a relatively movable state to a 
stationary member, a stationary magnet supported 

by a stationary holder, and a movable magnet sup- io 
ported by a movable holder, comprising the steps 
of: 

pressing in a magnetic material into a mold dur- 
ing the molding process of the stationary holder 15 
or the movable holder using a non-magnetic 
material before finishing its hardening process 
to allow the magnetic material to be securely 
held taking advantage of heat shrinkage at the 
time of the hardening; and 20 
magnetizing thereafter the magnetic material 
integrally incorporated into the mold to form 
said stationary magnet or said movable mag- 
net. 

25 

7. A method of producing a magnet unit according to 
claim 1 6, wherein 

the non-magnetic material to form said sta- 
tionary holder or said movable holder comprises a 
plastic material. 30 
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